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ABSTRACT 

The availability of authentic hydrocarbon samples in the 
substituted indane and tetralin families would facilitate the anal- 
ysis of certain fossil fuel mixtures. We have developed general 
procedures for the efficient preparation of simple alkylated in- 
danes 1 tetralins ? from common precursors. We have exam- 
ined the 13C NMR and mass spectral fragmentation data for 
hydrocarbons 1 and 2 in detail. 
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INTRODUCTION 

Deterioration in fuel quality with time bas been a continuing problem in the utilization of 
middle distillate fuels. These stability problems will intensify a s  we develop alternative sources 
of fuel, such as shale oil and coal. Present knowledge has suggested that for some fuels, nitrogen 
heterocycles may play a causative role in the formation of insoluble sediments and gums under con- 
ditions of ambient and accelerated storage (1). In light of the high costs of fuel processing, sub- 
stantial savings could be realized if i t  were possible to identify those nitrogen heterocycles which 
are most actively involved in the formation of insoluble material. Currently, i t  appears that rela- 
tively non-basic nitrogen heterocycles, particularly those which contain alkyl groups in certain 
positions, may be the most troublesome (2). However, in other fuels and under different test con- 
ditions, basic nitrogen compounds may play a significant role (3). 

In addressing this subject, we a r e  defining the stability of shale-derived diesel fuel marine 
(DFM), stressing the sample under accelerated storage conditions, and determining the amoimt ef 
total insoluble material produced. This report describes rp.sc!t;: o5j'hinea when 2,5-dimethylpyrrole 
(DMP) was used a s  a dopQnt k 2 +&re-iemperature-concentration matrix. Results of a survey of 
other nitrogen compounds a s  fuel additives a r e  also presented. 

EXPERIMENTAL 

Storage Test Techniques 

300 ml samples of filtered fuel were stressed in the dark in 500 ml screw-cap borosilicate Erlen- 
meyer flasks (Teflon-lined caps). Al l  samples were run in duplicate. Vented testa were accom- 
plished by using modified screw caps which were drilled to hold 6 mm glass tubing (with glass wool 
plugs). After s t ress ,  test flasks were allowed to cool to room temperature before being filtered 
under slight vacuum through a double layer of Gelman glass fiber filter paper. F l a s k  contents 
were then rinsed with several ml of g-heptane, with additional sediment being collected on the filter 
paper. The filter cake w a s  rinsed withpheptane to remove adsorbed fuel. The flasks and filter 
holders were heated (120°C) under vacuum for twelve hours, allowed to equilibrate on a benchtop 
(several hours), and accurately weighed several  times on an analytical balance. Appropriate blank 
fiasWfilter holder corrections were applied. Filtrable sediment values were Qbtained from the 
corrected net weight change of the filter holder with adherent gum values determined from the weight 
change of the test flask (4). 

Reagents 
The base fuel for the present study is DFM refined from Paraho crude shale oil by SOHIO. 

This fuel, produced in the U. S. Navy's Shale-11 demonstration, is well-characterized (4). It was 
available with (sample "D-1'3 and without (sample "D-11") antioxidant added. The antioxidant, 2,4- 
dimethyl-6s-butylphenol (AO-30), was present a t  the 24 mg/l level in fuel D11. No other additives 
were present in either sample. All  nitrogen compounds used as dopants were pure by NMR, capil- 
lary GC, and/or mp. Fresh DMP was stored frozen under nitrogen so as to prevent autoxidation 
and i t  remained colorless under this storage. The concentration matrix was prepared by appropri- 
ate dilution of a quantity of stock-doped fuel solution (typically 450 ppm w/v nitrogen). 

The experimental procedures used were developed from reported methods (2). In summary, 

RESULTS AND DISCUSSION 

Accelerated fuel stability tests are important to the producers of fuels and to those perform- 
ing research on chemical instability phenomena (5). The majority of these tests measure sediment 
weight in order to estimate fuel instability, and tes t  temperatures have varied between ambient and 



t. 
! ads, the accompanying uncertainty of the significance of the observed conditions may be dominant. 

Figure 1 summarizes a time-temperature matrix for several accelerated fuel stability tests which 
have appeared in the literature. It is noteworthy that a majority of the stability tests depicted fall 
close to the solid line, which represents a doubling of test time for  each 10°C drop in temperature. 
The line extrapolates to approximately one year of ambient storage. The present study has concen- 

CONCLUSIONS 

A common reaction pathway appears to exist for DMP-promoted sedimentation in DFM. Re- 
sults obtained are  consistent with those of other workers (2) A high-precision gravimetric method 
of fuel storage stability determination has been developed. 
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FIGURE 1 
Time-Temperature Correlation f o r  
Accelerated Fuel Stability Tests 
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FIGURE 2 
Total Deposits for Shale-I1 DFM 

(D-1) with DMP Added - 8OoC 
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FIGURE 3 
Total Deposit as a Function of Initial DMP 
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FIGURE 4 
Peroxide Numbers for DFM 

(D-1  and D-11) at 8OoC 
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TABLE I 

RELATIONSHIP OF NITROGEN COMPOUND STRUCTURE 
TO SEDIMENTATION IN DFM (D1) 

(Listed in Approximate Order of Activity)* 

I '  

Group A (>lo0 %/lo0 ml) 

2,3,4,5-Tetramethylpyrrole 
Dodecahydrocarbezole 
2,4-Dimethylpyrrole 
2,3-Dimethylpyrrole 
1,2,5- Trimethylpyrrole 

Group B (10-100 mg/100 ml) 

Pentamethylpyrrole 
3-Methylindole 

Group C (3-10 m g / l O O  ml) 

2,3-Dimethylindoline 
2,6-Dimethylpyridine 
2-Methylpyrrole 
4- T-Butylpyridine 
3-Methylisoquinoline 
Pyrrole- 2- Carboxaldehyde 
1- Methylpyrrolidine 
2,6-Dimethylquinoline 
2-Benzylpyridine 
4-Is-Butylquinoline 
2-Methylpiperidine 
Pyrrolidine 
2-Acetyl- 1- Methylpyrrole 
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Group D ( t3  mg/100 mly 

3,5-Dimethylpyridine 
3,5-Dimethylpyrazole 
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